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The material from which is made the following contribution to the 
comparative study of neuroglia has been on hand several years. It 
consists of a portion of the spinal cord of a 21-year old bull elephant 
killed in Bridgeport, Conn., in 1897. Through the kindness of Prof. 
H. H. Donaldson, the specimen was finally allotted to  me and a partid 
description of its gross and microscopic anatomy is contained in a pre- 
vious paper.' The material was removed a few hours after death and 
fixed in 10% formalin in which the unused portions have been preserved 
ever since. 
The medullated axones of the spinal cord of the elephant have an 
appreciably larger diamkter than those of man or of any of the mam- 
mals more usually studied. Measurements, inclusive of the medullary 
sheaths, of fifty axones in an average field of a transverse section of the 
cervical region stained by the Weigert hmnatoxylin method give diame- 
ters ranging between 25 p and 8 ,LI with an average diameter of 19 p. 
Similar measurements from the human specimen, prepared in the same 
way, give diameters varying from 17 to 6 ,I* with an average of about 
11 p. The larger axones of the spinal cord of the elephant result, of 
course, in larger inter-axone spaces. These larger spaces being occupied 
by the neuroglia allow, in consequence, larger areas for its study. This 
fact suggested the spinal cord of the elephant as a favorable field for  the 
study of the neuroglia cells in that larger areas in the vicinty of the 
neuroglia nuclei were to be expected. 
The study has been suggestive of several conclusions, the validity 
of which must be further tested by recourse to developing material. 
Aside from these, however, the tissue in itself may be of interest. 
'Hardesty. Observations on the Medulla Spinalis of the Elephant, with some 
Comparative Studies of the Intumescentia Cervicalis and the Neurones of the Col- 
umna Anterior. 
6 
Jour. Comp. Neurology, Vol. YII, No. 2, 1908. 
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Several of the methods devised for the staining of neuroglia allow 
the use of formalin-preserved tissue and the two methods by which the 
best general results are to be obtained (those of Weigert and Benda *) 
require fixation in formalin. Thus the elephant material on hand, 
having been fixed in formalin, was suited to the purpose. 
I have found paraffin sections much better for the study of neuroglia 
than celloidin sections. The celloidin itself will a t  best hold a certain 
amount of the stain and thus, under transmitted light, give a murky 
property to the section detrimental to the sharpness of both image and 
contrast. The Weigert method, as originally given, is a celloidin 
method. Also it is more applicable to human tissue, having been espe- 
cially devised for such. For purposes of comparison the material here 
in  hand was prepared by each of two methods, both of which give fairly 
good results with animal as well as human tissue. These two methods 
are, first, a modification of the Weigert procedure as given by Aguerre ' 
and, second, the method of Benda as adapted and employed by Huber 
in his comparative " Studies on the Neuroglia." ' Of the two methods 
the latter gave the better results, both with the elephant tissue and 
with that of the other animals to be mentioned. Though the modifica- 
tion of Weigert's method of staining neuroglia gave preparations in 
which could be observed all to be noted in sections stained by the latter 
method, yet for sharpness of outline and distinctness of differentiation, 
the procedure given by Huber resulted in  a decided excellence. Also, 
with it thinner seciions are possible than with the Weigert method. 
Very thin sections, however, are not always necessary nor even best. 
To get an idea of the complexity of the networks of neuroglia fibers, 
the shape of the cells, and the extent of single neuroglia fibers, fairly 
thick sections are desirable. Paraffin sections of 5 /i and 8 / I  in thick- 
ness proved efficient for the study. Both transverse and longitudinal 
sections were made, and mounted and stained on the same slide. Cer- 
tain of the sections were made from small pieces from a known locality 
of the spinal cord, others from large pieces involving one-half of its 
lateral diameter. All pieces were taken from within the cervical en- 
largemen t . 
2 Weigert, C. Beitrage zur Kenntniss der  normalen menschlichen Neuroglia. 
Festschrift,  Frankfur t  a. M., 1895. 
3 Benda, C. Erfahrungen uber Neurogliafarbungen und eine neue Farbungs- 
methode. Neurologisches Centralblatt.  Vol. XIX,  1900. 
4Aguerre, J. A. Arehiv fur  Mikros. Anat. und  Entwicklungsgesch. Vol. LVI,  
1900. Also Neurological Technique (Hardesty) Method XIV, The University of 
Chicago Press, 1902. 
5Huber, G .  Carl. The Am. Jour. of Anat., Vol. I, No. 1, 1901. 
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As used by Huber, the Benda method applied to the elephant’s cord 
gave remarliably sharp contrasts. The neuroglia fibers stain a deep 
bright blue against a slightly pink but almost transparent background. 
Their contour is even and threadlike. On the other hand, white fibrous 
connective tissue, the pia mater, its ingrowths and the walls of the 
blood-vessels, stains a light brownish-red. The endoplasm (when pres- 
ent) of the neuroglia cells appears brownish-red with distinct granula- 
tions; the nerve cell-bodies and the chromatin of their nuclei, a dead 
grayish-blue; axones (axis cylinders), light brownish-red with sometimes 
a tinge of blue. The outlines of the neuroglia nuclei and their chro- 
matin masses stain a black-blue. In the various blood-vessels the blood 
corpuscles may be noted. In 
sections prolonged in the differentiating fluids the red corpuscles be- 
come a light greenish-red or practically colorless. Of the white cor- 
puscles, the eosinophiles and polymorphonuclear types generally stain 
very dimly or not at all, while the small lymphocytes show a deep blue 
nucleus with a pinkish granular cytoplasm. The myelin portion of the 
medullary sheaths does not stain at all, but the general framework of 
the sheaths takes a light pink like the fibrilla: of white fibrous connective 
tissue. 
As an additional test of the selective power of the stain for neuroglia, 
the Benda method was applied to pieces of formalin-fixed lung, sali- 
vary gland, spleen and skin (human and clog). In  all the steps these 
tissues were subjected to the identical procedure employed with the 
sections of the spinal cord. The result. was highly satisfactory as to 
the value of the method. No blue-stained fibers were found in any 
of the sections. Both white fibrous and elastic tissue stained the same 
light brownish-red as found in the pia mater and the walls of its blood- 
vessels. In the salivary gland, for example, the white fibrous frame- 
work between the alveoli and the basement membranes about them, 
showed in beautiful detail but were stained a pale red with no trace of 
blue. The chromatin in the nuclei of the connective tissue cells stained 
blue but seldom so deeply as in those of the neuroglia cells. Some 
nuclei, however, were remarkably like certain of those found in sections 
of the spinal cord. The endoplasm about the nuclei stained the same 
color as that about neuroglia nuclei but with a much less evident granu- 
lar structure. Lymphocytes could be distinguished with their thin rim 
of granular cytoplasm. Many apparently “free nuclei” could be noted. 
As a test for neuroglia fibers the experiment indicated at least that the 
method is selective since in none of the tissues did either white fibrous 
or elastic tissue show the blue reaction. 
The red corpuscles color a greenish-blue. 
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Although neuroglia was discovered by Keuffel in 1811, the  distinctive 
nature of the tissue was not considered until 1846 when Virchow de- 
scribed it under the name it now bears. The study of neuroglia, how- 
ever, did not really begin till the advent of the silver method of Golgi. 
This method, though described by its inventor as early as 1873, re- 
mained practically unnoticed and unused till after 1885, when Golgi's 
more voluminous work appeared. This method not only was the means 
of certain important additions l o  our knowledge of the development of 
the tissue, but also through it the fibrous nature of neuroglia was estab- 
lished. Previous to 1895, however, our knowledge of neuroglia as a 
tissue consisted almost entirely of what could be shown by the precipi- 
tation of the silver salt. The investigators, chief among whom mere 
Golgi himself, Kolliker, Cajal, Ranvier and Lenhosskk, had no means of 
confirming their observations hy adequate control methods and, as the 
natural consequence of a precipitative method, the later daylight upon 
its results has shown that certain of their conclusions were erroneous. 
The appearance of Weigert's paper in 1895, giving the results of a new 
method he had devised, marked the beginning of a new epoch in  the 
study of neuroglia. Since Weigert's publication no less than twenty- 
three papers have appeared giving results obtained either by the applica- 
tion of his method or of others newly devised. Most of these papers 
do little more than confirm Weigert's results. While certain of them 
add a few details to the knowledge of the tissue, on the whole they 
have strengthened rather than detracted from Weigert's original con- 
clusions. The more important of these papers and the literature on 
the subject in general, have been repeatedly reviewed and so thoroughly 
by Aguerree and Reinke' and more recently by Huber,S that it is 
considered unnecessary to attempt here anything like a detailed review 
of the literature. The more important and commonly accepted state- 
ments may be summated as follows: 
1. Structurally, neuroglia as a tissue consists of neuroglia cells and 
neuroglia fibers. 
2. The neuroglia cells vary in  size and shape. They usually possess 
branched cytoplasmic processes. The cytoplasm, however, is present in 
varying amounts, many of the cells having but a small quantity which 
closely invests the nucleus or sometimes occurs only on one side of it. 
Most of the neuroglia nuclei are described as free from cytoplasm. 
The nuclei are of the vesicular type but vary greatly in  shape and size. 
GAguerre. 
7Reinke .  
"Iuber. Loc. cit. 
Archiv f. Mikros. Anat . ,  Vol. LVI, 1900. 
Archiv f. Mikros.  Anat . ,  Vol.  I,, 1897. 
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Usually spherical or oval, they may assume any of the shapes ascribed 
to polymorphic nuclei. Their chromatin is of the granular arramge- 
ment and stains deeply. It usually occurs as one or more larger masses 
of irregular outline situated among a number of smaller granules. The  
smaller nuclei stain more deeply than the larger. Now and then neu- 
roglia cells are found which are appreciably larger than the ordinary. 
These “ colossal glia cells ” (Monstrezellen of Weigert or the “ Monstre- 
astrocytes” of the Golgi method) often contain two or  more nuclei. 
These “ Multinucleated glia cells ” (Aguerre and Krause ”) are thought 
to be a special type of neuroglia cell and constant structures for all the 
higher mammals. Further they may have to do with the multiplying 
of the cells. 
3. The nenroglia fibers, a t  one time regarded as processes of the neu- 
roglia cells (Deiters’ cells), are not identical with the cytoplasm of the 
cells, but are morphologically, physically and chemically different from 
it. By the selective stains, the fibers appear completely differentiated 
from the cell protoplasm and therefore cannot be considered as pro- 
cesses in the ordinary sense of the word. Further, a single fiber may 
often be observed pursuing an unbroken course through the domain of 
the cell-body, thus involving two outgrowths which could not be the 
case were each fiber a process arising individually from the cell-body. 
The differentiated fibers appear to pass through the cell chiefly along 
its outer zone, but often cross above or  below the nucleus and sometimes 
directly through the cytoplasm surrounding the nuclens when such is 
present. They are quite small, are thread-like in contour and vary 
somewhat in thickness. They frequently anastomose. They form a 
true supporting tissue for the nervous elements and in the substantia 
alba, the greater number course in the general direction of the nerve 
fibers about which they form loose plexuses. They are of unknown 
length. I n  the spinal cord they are more abundant about the blood- 
vessels, about the central canal and in the posterior white commissure 
than among the nerve fibers. The number of neuroglia nuclei in a 
given locality is no index of the ;bundance of neuroglia fibers to be 
found there. 
4. Neuroglia fibers may be regarded as differentiated intercellular 
structures since they bear no fixed relation to the nenroglia nuclei nor 
to the cells themselves, though in certain cases the neuroglia fibers are 
not completely emancipated from the cytoplasm of the cells. They 
are produced at  the expense cf the cell protoplasm and are later differ- 
entiated from it but by a process the steps of which are unknown. 
Anhang. e. d.  Abh. der Kbnigl. Akad. der W’issenschaften zc Berlin, 1899. 9 Krause. 
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Embryologically, all neuroglia is generally considered as derived from 
ectodermal cells. 
5. The neuroglia nuclei have been variously classified according t o  
both their shape and size, but they may be sufficiently described under 
the  two divisions originally made by Weigert: 
Usually spherical 
or oval in  shape but may vary. Granular chromatin 
usually accumulated in one or two larger masses (nucleoli) surrounded 
by smaller granules. 
Various shapes but usually 
spherical. Compact chromatin a deeply staining almost homogeneous 
mass. 
There are to  be found all transition forms between the two varieties. 
I have arranged what seem to me the principal findings of the litera- 
ture under the above five heads because such observations as I have 
been able to make on the neuroglia of the spinal cord of the elephant 
and collaterally of that  of man seem to fall under one or the other of 
these heads. 
After a brief general description of the neuroglia of the  elephant I 
shall confine myself to one or two less generally emphasized points sug- 
gested by a study of the preparations, and the figures given are intended 
to illustrate features less usually described. To avoid slight confusion, 
the description will better be based upon appearances resulting from 
the application of the Benda method alone. 
The neuroglia of the spinal cord o l  the elephant as seen in both 
transverse and longitudinal sections may be described as follows: The 
neuroglia fibers stain a deep bright blue, whereas cytoplasm of the 
neuroglia cells, when present, takes a pale brick color with rarely a 
slight tinge of blue. The cytoplasm is distinctly granular, while the 
neuroglia fibers have a smooth, even contour and each a practically 
constant thickness. Thus the fibers differ both physically, and in  their 
chemical reaction to the stains, from the cytoplasm of the cell-bodies, 
and so agree with one of the general statements made by Weigert for 
human neuroglia and confirmed by subsequent investigators of neuroglia 
both human and comparative. The neuroglia fibers in the elephant are 
in general somewhat larger than in  the human specimens I have exam- 
ined and, judging from the descriptions found in the literature, they are 
larger than those found in other animals. On the whole, they do not 
vary greatly in size. Very few seem under 0.5 p i n  thickness and the 
average is somewhat over that figure. Occasionally what seems an ex- 
ceptionally large fiber is noticed. On measurement these often acquire 
a. Large. Sometimes attain a diameter of 1 6  p. 
Very vesicular. 
b. Small. Diameter 4 ,u or even less. 
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but seldom exceed 1 /i in breadth. The fibers are of unknown length. 
Short fibers are common, but they axe undoubtedly pieces, cut by the  
knife. Frequently in  the thicker sections one fiber may be traced intact 
through the domain of two or more neuroglia cells (fig. 3, k )  and then 
the ends appear as cut by the knife rather than as terminations of the 
fiber. Anastomosis is to be observed but not as a very frequent occur- 
rence. Both transverse and longitudinal sections of the specimens dis- 
tinctly show many fibers obliquely and transversely cut, in fact cut in 
all conceivable planes. The fibers run tortuous courses in the inter- 
axone spaces of the white substance or form a general complex plexus 
jn the gray. They may be seen to form loose feltworks about the 
niedullated axones often quite closely investing the medullary sheaths, 
the membranous portions of which stain a pale red in  contrast. Gen- 
erally, however, they seem to  merely course freely in the spaces among 
the nerve fibers showing a preference for none. Comparing the trans- 
verse section with the longitudinal, it is imniediately evident that  while 
the fibers course in  all planes, more have a tendency to course in the 
direction of the nerve fibers than transversely to them (Fig. 4). They 
show no fixed relation to the neuroglia nuclei, merely running indiffer- 
ently in  the spaces occupied by them. 
In the gray substance the neuroglia fibers either do not hold the 
stain so well or are less abundant than in the white substance. While, 
as A-guerre noted for the human spinal cold, they are abundant in  the 
commissura alba posterior and in the  substantia grisea centralis, they do 
not show so abundantly through the general gray figure as one would 
expect. Occasionally areas may be noted quite rich in neuroglia fibero 
but these are more often in  the vicinity of the blood-vessels. Though 
the periphery of the columna posterior is rich in well-stained neuroglia 
fibers, the column itself, which contains a great amount of substantia 
gelatinosa, appears as a brownish-red, compact granular mass filled with 
innumerable nuclei, most of which are of the small deeply-staining 
variety. Neuroglia fibers can scarcely be distinguished except about 
occasional blood-vessels and entering nerve fibers. What are supposed 
to be neurogliaauclei axe more abundant in any given area of the gray 
substance than of the white as is to be expected because in  the former 
they are less dispersed by the presence of medullated axones within it. 
On careful examination the oil immersion reveals many fine fibers in 
the gray substance but  these are pale red in color. The preparation 
gives the impression that if these are neuroglia fibers their staining 
properties have been influenced by some other tissue constituent in 
which they are imbedded. Throughout the entire gray figure many 
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neuroglia nuclei may be observed with the characteristic investment of 
granular cytoplasm in varying amounts but the majority of the nuclei 
are seemingly " free " and mostly of the small, compact, deeply-staining 
variety. The cytoplasm, when present, never shows the branched pro- 
cesses found in the substantia alba. 
I n  the white substance in general, the neuroglia fibers are colored 
deep blue and stand out in  sharp distinctness against their environment. 
This contrast is most striking in  sections involving the periphery of the 
o m  P 
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FIG. 1. Portion of dorso-lateral periphery of transverse section from spinal cord 
of elephant showing a blood-vessel passing i n t o  the tissue of the  cord proper  and the  
relation and contrast  in staining of the white  fibrous tissue of the  pia mater  ( p )  t o  
the neuroglia fibers forming the marginal veil (na) of the  cord, together with the  
s t ruc ture  of the la t ter  and the  dense traheculae of its fibers (0) passing in among the 
adjacent nerve fibers of the  cord. Deep black in the drawing represents blue in the  
original, o ther  shades represent pale brownish-red. The blood-vessel i s  seen t o  be 
accompanied n o t  only by pial tissue ( t )  b u t  also by a thick sheath of neuroglia (n) 
acquired in passing through the marginal veil. x 370. 
spinal cord. Here the cortex of the cord or marginal veil (Eandschleier 
of His) stands out as a deep blue, thick feltwork against the adjacent 
pia mater as shown in Figure 1. The pia ( p )  sends in a few thin strands 
of white fibrous tissue which interweave with the sharp blue nenroglia 
fibers but these strands are so thin as to be almost colorless. Being 
entirely void of nerve fibers to  disperse them, the neuroglia fibers of 
the marginal veil (m) course thickly in all directions, forming a dense, 
intricate and admirable feltwork. It sends in  processes (0) among the 
nerve fibers along its inner border in which the neuroglia fibers run 
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parallel and so thick as to obscure their individuality under the micro- 
scope. Intermingling with the nerve fibers along their course, these 
processes rapidly decrease in  size as they pass inward with the result 
that areas in the periphery of the white substance are more richly sup- 
plied with neuroglia fibers than those farther in. 
The marginal veil is interrupted by no appreciable ingrowths of the 
pia mater except those accompanying the blood-vessels. Figure 1 is 
given to illustrate a locality showing this. The blood-vessel (artery in 
this case) leaving the pia mater, carries with it an investment of pial 
tissue which, together with the tissue of its own walls, stain3 brownish- 
red (t) .  I n  passing through the marginal veil the blood-vessel appears 
to take with it an additional investment of neuroglia fibers (n). This 
neuroglia investment remains continuous with the marginal veil and 
though gradually decreasing, is maintained as far as the blood-vessel can 
be followed into the specimen-in some instances to the substantia 
grisea itself. It has been frequently observed that the neuroglia fibers 
are especially abundant about the blood-vessels, occasionally even reach- 
ing into their walls. This behavior has been considered as having to 
do with processes of nutrition. The well-diff erentiated preparations I 
have examined, both of man and the elephant, show no neuroglia fibers 
actually reaching into the walls of the blood-vessels and whether their 
greater abundance about the blood-vessels has to do with nutrition or 
not, the appearances suggest that  their presence is the result of neu- 
roglia tissue having been carried in from the marginal veil by the blood- 
vessels as they pass through it. Therefore, if for a physiological pur- 
pose, their presence is due to a physical process. The  Mood-vessels 
grow in for €he most part during the early stages of development, and 
a t  a time when the marginal veil, and the whole organ, is in a more 
plastic condition than it is after the nerve fibers grow in and the pro- 
cesses of medullation have begun. No neuroglia fibers are formed at 
the time the blood-vessels begin to enter and the neuroglia tissue carried 
in from the (then relatively thick) marginal veil simply remains about 
the blood-vessels and later develops into the adult form of neuroglia. 
This development is no doubt facilitated because of the nutritive condi- 
tions afforded there. 
I n  the early stages of growth the marginal veil (RandschZeier of His) 
in man is described as formed of the fused distal ends of the epithelial 
(later ependyma) cells lining the central canal. A t  first it contains no 
nuclei but appears as a sort of reticulated protoplasmic continuum, the 
fusion of the cell processes having resulted in an obliteration of all cell 
boundaries. Later, as the walls of the neural tube thicken still more, 
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nuclei appear in  the marginal portion resulting from the division of 
those lying nearer the central canal. I n  the adult, after the application 
of the ordinary hzmatoxylin methods, for example, the marginal veil 
(cortex) of the spinal cord appears as a thin, lightly-stained homoge- 
neous, granular zone void of medullated nerve fibers and containing 
a few small spherical nuclei scattered in it and certain fine colorless 
fibrillze which are perhaps neuroglia fibers, I n  the literature I have 
been unable to find any detailed descriptions of the adult marginal veil 
after treatment by any of the differential neuroglia stains. I n  the ele- 
phant after this treatment, it appears as a dense feltwork of neuroglia 
fibers coursing in all directions and but slightly intermingled with white 
fibrous connective tissue from the adjacent pia mater. It contains no 
nerve fibers and is thicker on the dorsal and lateral aspects of the spinal 
cord than on the ventral. At  best it is a relatively thin mantle, on 
measurement seldom showing a thickness of over SO p. I n  proportion 
to  the abundance of neuroglia fibers, it contains remarkably few nuclei 
(see Fig. 1) and very seldom are any of these of the large vesicular 
variety. I n  this respect, when compared with other localities of the 
transverse section, it conforms to Aguerre’s observation that the number 
of neuroglia nuclei in a field is in inverse ratio to the abundance of 
neuroglia fibers. I n  their abundance, length and arrangement, the 
fibers have all appearances of having been formed from a common 
syncytium rather than from or with reference to any arrangement of 
individual neuroglia cells. 
The entering radix posterior contains no fibers whatever which take 
the neuroglia stain until its nerve fibers penetrate the marginal veil. 
This fact is well differentiated by the Benda stain. The radix posterior, 
as it enters the cord, even apparently depresses the marginal veil on 
coming in contact with it. Once it breaks through this mantle, how- 
ever, its nerve fibers become richly intermingled with the blue staining 
neuroglia fibers. The nerve fibers of the radix anterior on the other 
hand, as they emerge through the marginal veil are accompanied a short 
distance beyond the confines of the spinal cord, by a few blue-staining 
fibers. My preparations, not being made with this point in  mind, un- 
fortunately do not allow satisfactory observations as to how far these 
neuroglia fibers accompany the fila of the radix anterior nor how abun- 
dant they are. The radix anterior of the elephant arises by innumer- 
able small fila radicularia, most of which in the preparations were torn 
off close up to the surface of the cord. The fila of the radix posterior 
are considerably larger and in several sections quite an extent of a filum 
of this root remained attached to the cord. 
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The study of the neuroglia cells was made from both longitudinal 
and transverse sections. I n  general it may be said that the great ma- 
jority of nuclei are entirely free from cytoplasm or possess a very small 
amount. Of such as do possess cytoplasm, a comparison of appearances 
in the two planes indicates that the longest diameter is generally in the 
direction of the long axis of the spinal cord (Fig. 4, c). Sometimes 
two, and rarely even three, nuclei may be found with a common cyto- 
plasm (Fig. 2). Krause’O found glia cells with more than one nucleus 
in the apes, and Aguerre (loc. cit.) describes such for the half apes and 
for man. 
In all my preparations the neuroglia is better studied in the white 
substance than in the gray. 
The study of the neuroglia cells and the neuroglia nuclei with refer- 
ence t o  their relation to the neuroglia fibers, has suggested a series of 
changes which may probably indicate some of the steps in the develop- 
ment of the neuroglia fibers. The accompanying drawings are taken 
from fields especially chosen as suggestive o€ these changes. They are 
all camera drawings and Figures 2, 3 and 4 are on the same scale (oc. 
4, 1/12 oil immersion, Zeiss). The drawings represent the areas chosen 
except in case of one cell, noted in the explanation, which was drawn 
from an adjacent field. This cell merely substitutes another of 
the more common type and otherwise does not affect the normal appear- 
ance of the area represented. Neuroglia cells similar in appearance 
t o  those shown may all be found on the same slide, and therefore the 
various forms evident can hardly be due to variations in the applica- 
tion of the staining method. 
The cells and nuclei, as found in the spinal cord of the elephant, may 
be described together. To indicate the series of changes suggested, 
they may be taken up in the following order: 
1. Cells with a large amount of cytoplasm which is largely present in 
the form of extensive, branched processes. The cytoplasm is sufficient 
to fill the inter-axone space occupied by the cell-the processes being 
sent out between the adjacent nerve fibers, give the impression that  
the shape of the cell is the result of its position-it merely fitting into 
the space it occupies. For obvious reasons this shape is best observed 
in transverse sections. The cytoplasm is granular‘ after the technique 
employed, and, by the Benda method, stains a brownish-red, with occa- 
sionally a tinge of blue. The nucleus is always of the large vesicular 
variety, i. e., with a diameter of from 10 /i t o  1 6  and with granular 
10 Kranse, R.  Untcrsuchungen iiber die Neuroglia des Affen. Abhandl. der Konigl. 
Akad. der Wissenschatten zu Berlin. Anhang, 1899. 
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chromatin loosely distributed, usually showing one or two larger masses 
(nucleoli) situated in the midst of smaller granules. When two cells of 
this type occur in adjacent inter-axone spaces, their processes anasto- 
mose, forming a common cytoplasm surrounding the nerve fibers in- 
Tolved, or  rather, perforated by them. This type of cell is of less fre- 
quent occurrence than any of those that follow, and in sections suffi- 
ciently differentiated for the study of the neuroglia fibers, it often 
requires some search to find two near enough together to clearly show 
the fusion of their processes. Figures 2 and 3 illustrate such cases and 
FIQ. 2. Small area from transverse section showing two 
neuroplia cells (a  and b)  with anastomosing cytoplasm and 
a third cell (c) with cytoplasm much less abundant. The 
:;arying relationship between the neuroglia fibers and the 
neuroglia cell” is shown in the three cases. In the orig- 
inal, the neuroplia fibers and the chromatin of the nuclei 
are stained deep blue: t h e  granular cytoplasm of the cells 
dark brownish-red, while the arones and fibrous constitul 
ents of their medullary sheaths are colored a pale brown- 
ish-red. + 940. 
cell c in Figure 4 
might be considered as 
presenting the same 
condition in  longitu- 
dinal section. 
I n  thin sections the 
brownish-red cytoplasm 
allows sufficient light 
to pass through it to 
easily observe its struc- 
ture. Examination 
shows that such a cell 
may be entirely void 
of neuroglia fibers (Fig. 
2, a )  or, if fibers are 
discernible, they occur 
only in the peripheral 
portion (exoplasm) of 
the cell in close pros- 
imity to the nerve 
fibers (Figs. 2 and 3, b).  
The cytoplasni of the processes always appears less compact than 
that more immediately surrounding the nucleus (endoplasm) and in 
the extreme portions of the processes neuroglia fibers can always be 
found, but such appear as continuations of fibers which may be traced 
from confines of the neighboring cells of the more common type. If 
the process is long, i. e., if it may be traced some distance before be- 
coming a part of the domain of another cell, its stainable cytoplasm 
rapidly becomes more and more attenuated till the neuroglia fibers 
alone are to be seen; or, conversely, one of these neuroglia fibers may 
be traced back to the cytoplasm in which it disappears. If the inter- 
axone space occupied by the cell is large, the cell may contain two nuclei. 
Irving Hardesty 93 
As before noted, cells of this type are less frequent in my prepara- 
tions and such have been very infrequently noted in  the literature. 
Brodmann" noted what were evidently cells of this type in a glioma of 
the thalamus opticus stained by Weigert's neuroglia method. He  de- 
scribes such cells as especially abundant in the zone of growth of the 
tumor and refers to them as " Bindungszellen der Gliafasern." Reinke 
(loc. cit.) in one of his illustrations shows two of the larger cells with 
joining processes. His stain, however, does not show the abundance and 
nature of the cytoplasm marking the type as is shown by the Benda 
method. 
2. The second type of cell to  which I wish to call attention (b, Figs. 
2 and 3) is apparently a transition form of the first. It possesses the 
large vesicular nucleus as in the first type, but its cytoplasm is modified. 
About the nucleus the cytoplasm is as compact as in the first type but 
in  the outer zone of the cell it grades into loose scattered granules 
which may be quite absent from the processes. Thus the cell is par- 
tially a phantom of the first type, having for its outline the boundariee 
of the inter-axone space it occupies. Neuroglia fibers are easily dis- 
tinguished passing through the cell. They may be followed into it by 
way of one process, then usually along one side in the less obstructed 
outer zone, and out by way of another process. Or, in passing through 
the cell, a fiber may involve a portion of the more dense cytoplasm about 
the nucleus. It cannot be said with confidence that fibers are inter- 
rupted i n  passing through the cytoplasm. Fibers often appear as if 
having been spun out of the cytoplasm and often appear to terminate 
in it, but such appearances muct more generally be considered as being 
due to  the knife. No fibers have been observed terminating in  the 
cytoplasm in a cone-like end as noted by Yamagiwa '' in his preparations, 
which cone was described by him as a part of the cell cytoplasm and 
as an evidence that the fibcrs are processes of the cell. The cytoplasm 
about the nucleus possesses short branches. These always point toward, 
and sometimes into, the spaces between the neighboring nerve fibers 
and thus represent portions of the original processes of the cell. 
3. More often a much smaller amount of cytoplasm is present (stains) 
and this is always in the immediate vicinity of the nucleus forming an 
irregularly-shaped, granular zone about it. Such cells never fill the 
inter-axone space. Vsually short projections are maintained and these, 
11 Brodmann. 
12 Yamagiwa. 
Ueber den Nachweis von'dutrocgten mittelst der Weigertschen Glia- 
farbung. Vortrag i n  der Naturwissenschaftlicben Gesellschaft zu Jeua. Jan., 1899. 
Eine neue Farbung der Neuroglia zugleich ein Kleiner Beitrag zur 
Renntniss der natur von den Glia-fasen. Virchow's Archiv, Bd. 160, 1900. 
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as above, point toward the spaces between the neighboring nerve fibers. 
The balance of the inter-axone space is clear and the neuroglia fibers 
coursing through it are sharply differentiated. The fibers occupy the 
clear area chiefly, but often they penetrate the cytoplasm and even cross 
the nucleus (c, Figs. 2 and 4). When the mass of cytoplasm (endo- 
plasm) is quite scant it sometimes appears on one side of the nucleus 
only but is usually pointed, suggesting one of the projections of a pre- 
viously more abundant cytoplasm. The nucleus of this type is also of 
the large vesicular variety. Representatives of this type of cell may 
FIQ. 3. From transverse section showing four types of neuroglia cells (b ,  c, d ,  
and i) and the arrangement of the neuroglia fibers with reference to  the cell and the 
inter-axone space. One neuroglia fiber (k) appears continuous through the domain of 
several neuroglia cells. The colors represented by the different shades of black are 
the same as those in Figures 1 and 3. 1 = leucocyte. x 940. 
be seen in most any field of the microscope. I n  his comparative " Stu- 
dies on the Neuroglia," Huber (loc. cit.) describes this type, and I think 
also the second type I have mentioned, for the dog, cat, rabbit, dove, 
tortoise and frog, and such have been noted in  the human. 
4. Cells with but a very small amount of cytoplasm about the nucleus 
forming a sort of granular halo about it (d, Figs. 3 and 4). Projections 
are seldom apparent. Neuroglia fibers traverse its inter-axone space 
indiscriminately, frequently crossing the nucleus above or below it. The 
fibers are more abundant in  these areas than in any of the above types. 
They enter and leave by way of the spaces between the adjacent nerve 
fibers and often one may be traced through the domain of a neighbor- 
Irving Hardesty 95 
ing cell. This variety is about as numerous as the third variety men- 
tioned and is evidently a transition form. The nucleus though of the 
vesicular type appears a t  times somewhat smaller than that of any of 
the preceding varieties. 
There should be mentioned under this class a variety of cell which is 
questionably a neuroglia cell at  all (2, Pigs. 3 and 4). Though sur- 
rounded by a definite rim of cytoplasm, the nucleus of this cell is con- 
FIQ. 4. Small area from longitudinal section showing different types of  neiiroglia 
cells aud the general direction and arrangement of the neuroglia fibers with reference 
to the nerve fibers and “nenroglia cells.” The colors represented are the same as in 
the preceding figures. Nucleus i is  transplanted from a neighboring field and sub- 
stitutes a nucleus of type e.  1 = leucocyte. x 940. 
siderably smaller (4 p to  6 p in diameter) than that of any of the above 
varieties. The chromatin of its nucleus is more evenly granular and 
more compact and therefore the nucleus stains more deeply than those 
referred to as vesicular. The cytoplasm forms a thin ring about the 
nucleus, sometimes thicker on one side, and its granules are not so 
coarse as in the cytoplasm of the neuroglia cells. I n  quite a few in- 
stances cells resembling these have been noted in the blood-vessels, at 
times situated among the red blood corpuscles (Fig. 1) but more often 
close to their walls. A study of the white blood corpuscles in  the prepa- 
96 The Neuroglia of the Spinal Cord of the Elephant 
rations reveals the fact that the nuclei of the eosinophiles and of the 
polymorphonuclear varieties generally stain very lightly or not at  all 
by the Benda neuroglia method. The cells in question having a single 
nucleus with even contour and a relatively small amount of cytoplasm, 
must be considered as lymphocytes. Outside the blood-vessels this va- 
riety of cell may be found in all conceivable positions among the nerve 
fibers and often without reference to the amount of space. Usually its 
nucleus is spherical but when pressed between other structures it may 
be rod-shaped. There is reason therefore for considering these cells as 
other than neuroglia cells. They are looked upon as small mononuclear 
lymphocytes which, outside the blood-sessels, may be called “ wander- 
ing cells.” 
These 
free nuclei vary greatly in size, ranging from the truly vesicular type 
with a diameter equal to those possessing cytoplasm, through the va- 
rious degrees of compactness and density in staining, to a type with a 
diameter of 4 ,u and less. I n  general it may be said that the smaller 
the nucleus the more compact is its chromatin and therefore the more 
deeply does it stain. None of the more deeply-staining nuclei ever 
have a vestige of cytoplasm about them. The free nuclei are generally 
spherical or oval in the elephant but may be polymorphic. They vary 
in size from 15 p to 3 11 in diameter and the smallest always stain as 
one compact mass. All transition forms may be observed between the 
smallest and the large vesicular type, suggesting that the one may be 
derived from the other. What are considered some of these stages of 
transition are shown in Figures 3 and 4. The nuclei e to h taken in 
their order illustrate the diminution in  size accompanied by the in- 
creased density in staining. 
6. Now and then a nucleus of the smallest type may be noted which 
appears as though in the process of disintegration. All the stages of 
karyolysis usually described for other tissues have not been observed 
in these nuclei, and little more can be said of them than that the com- 
pact chromatin seems to undergo fragmentation and occurs as a small 
jagged mass either in the center of the nucleus or more often at  one 
side of its outline (i, Figs. 3 and 4), while the rest of the nuclear area 
appears practically clear. ru’uclei which may be considered as belong- 
ing to this type are by no means so numerous as the other types of free 
nuclei. They occur at  the rate of about one in every two fields under 
the oil immersion. They 
sometimes resemble the transverse sections of the smaller axones and 
but for the deep stain and the absence of the structures belonging to  
5 .  Most of the neuroglia nuclei appear free from cytoplasm. 
They are generally under 4 p in diameter. 
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the medullary sheath, might be taken for such. At first it was thought 
they were artefacts or nuclei injured by the knife but a close study of 
their occurrence and appearance lends more to the idea that they are 
constant structures. They always occur in the midst of a network of 
neuroglia fibers. 
For purposes of comparison and in order to teat how far the special 
technique of the neuroglia method affects the shape, size and structure 
of the neuroglia nuclei, sections of the elephant’s cord were examined 
after preparation by other methods. Without previous treatment, 
other than the action of the formalin in fixation, the tissue was imbed- 
ded in celloidin and sectioned. Some of these sections were stained 
with Ehrlich’s haematoxylin and counterstained with congo red, others 
with erythrosin and toluidin blue. In these sections all of the above 
types of neuroglia cells and nuclei may be identified by careful examina- 
tion under the oil immersion. The nuclei are not only the same as to 
size and structure, but stain in much the same way as by the toluidin 
blue in the special neuroglia stain. The large (Deiters’) cell with cyto- 
plasm sufficient to fill the inter-axone area and sending processes be- 
tween the adjacent nerve fibers is readily found. This is the identical 
neuroglia cell often pictured in the older text-books and is no doubt 
one of those described later by Ranvier.’8 I consider it as corresponding 
to types 1 and 2 described above, the differences in the appearance of 
the cytoplasm and the lack of differentiated neuroglia fibers being due 
to differences in the method of treatment. Also, in these sections cells 
with but a small amount of cytoplasm about the nucleus are of frequent 
occurrence. However, owing t o  the diffuse manner in which the 
counterstains act, a small quantity of cytoplasm is not so easily dis- 
tinguished as after the Benda neuroglia stain. The majority of the 
nuclei are as evidently “free” as in the Benda preparations. As to be 
expected, neither of the ordinary methods mentioned give any distinc- 
tion between pia mater and neuroglia, but though undifferentiated, the 
neuroglia fibers may be distinguished after one is familiar with their 
size and distribution when stained by the special methods. 
I have classified the neuroglia cells and neuroglia nuclei in the above 
ordm because a study of them in the spinal cord has suggested that in 
this sequence they may illustrate some of the phases in the develop- 
ment of the neuroglia fibers. The phases suggested may be presented 
as follows: 
1. “Neuroglia cell” is a misnomer if the term is considered as ex- 
13Ranvier. De la NBvroglia. Arch. de Physiologie, 1883. 
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pressing an individuality of the cell as is ordinarily implied. I n  the 
embryology of the spinal cord it is found that the spongioblasts are in- 
dividual cells only during the earliest stages of their development. 
Shortly after the cells of the neural tube are differentiated into those 
which will develop into neuroblasts and those which will produce the 
neuroglia (spongioblasts), there occurs a fusion of the latter resulting 
in the formation of a somewhat reticulated protoplasmic continuum or 
syncytium. After this fusion, the cytoplasm (syncytium) grows more 
rapidly than the nuclei divide and this results in the appearance of a 
marginal veil (RandrchZeiey) about the inner, nucleated portion of the 
tube. The marginal veil at  first contains no nuclei and appears as but 
an excrescence of the syncytium. 
If attention be now confined to the marginal veil, which occupies the 
position of the future white substance of the spinal cord, it will be seen 
that it thickens, the reticulated syncytium continuing to grow, and 
later appears as larger bands of protoplasm in which are dispersed fre- 
quent nuclei. Though the nuclei have increased rapidly, their increase 
is not in proportion to that of their common cytoplasm. 
Soon the nerve axones begin to grow in and occupy the meshes of 
the syncytium and perhaps perforate i t  to a more reticulated condition. 
As the presence of the axones increases and as thev grow in size, the 
bands of the syncytium necessarily become more and more attenuated. 
Finally when the axones acquire their medullary sheaths, the syncytium 
is simply moulded in the inter-axone spaces, the larger of which usually 
contain its nuclei. The nuclei are so distributed that, in transverse 
beetions of the spinal cord, usiially but one nucleus will appear in a 
given inter-axone space, but two or even more may be so caught. I n  
sections passing in the direction of the nerve fibers, there will of course 
be found many nuclei scattered along the third dimension of the space, 
appearing as a column of nucleated protoplasm. 
The syncytium may now be considered in two portions; that  which 
more intimately surrounds the nuclei (endoplasm) and that which con- 
stitutes the attenuated bands or  “ processes ’’ between the more closely 
arranged nerve fibers (exoplasm). If two of the inter-axone spacea 
containing nuclei are near together, the endoplasm may be continuous, 
and the two areas of nucleated syncytium thus seen in transverse sec- 
tion may be considered as two neuroglia “cells” with anastomosinr, 
processes. 
2. The exoplasmic portion of the syncytinm becomes more homoge- 
neous while the endoplasm remains granular. In the more attenuated 
portions of the exoplasm (processes of neuroglia cells), neuroglia fibers 
Nuclei pass into it later. 
Two such cells are shown in Figure 2. 
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begin to take the characteristic stain. I n  a cell with considerable endo- 
plasm, neuroglia fibers are never found except in the more remote por- 
tions of its processes (see Fig. 2). The processes, it must be remem- 
bered, are continuous with those of neighboring cells which usually pos- 
kess less endoplasm, for in the adult material, the great majority of 
the nuclei possess either a very small amount of endoplasm or none a t  
all. 
3. The endoplasm continues to disappear or rather to be converted 
into exoplasm, and neuroglia fibers appear nearer and nearer the nu- 
cleus. This gradual conversion of endoplasm into exoplasm results in 
the well-known isolated massee of nucleated granular protoplasm which 
are usually described as neuroglia cells. Depending upon the extent to 
which transformation has taken place, these masses may be stellate, the 
processes pointing toward the spaces between the neighboring nerve 
fibers (Fig. 3, c), or fusiform (Fig. 2, c), or the nucleus may retain but 
a granular halo of endoplasm about it (Figs. 3 and 4, d). Remembering 
that the conversion of endoplasm into exoplasm takes place from all 
directions, the mass becoming surrounded by exoplasm, one expects to  
find neuroglia fibers passing both above and below a “cell” in this 
phase. Often, however, neuroglia fibers seem to actually pass through 
the endoplasm and sometimes even to terminate in it. 
4. Continued transformation of the endoplasm results in its com- 
plete disappearance giving the often described free nuclei with neu- 
roglia fibers passing over and about them in all directions and forming 
the characteristic loose feltwork among the nerve fibers. Since the 
neuroglia fibers are formed out of a common syncytium rather than 
from individual cells, the fact that a single fiber may be traced through 
the domain of several “ neuroglia cells ” is nothing more than is to be 
expected. 
The question whether the fibers are intercellular or  intracellular in 
origin has been often discussed. It is seen a t  once that  they can he 
considered intercellular only when one looks upon the free nuclei or  
nuclei with a small quantity of endoplasm about them, as neuroglia 
cells. Otherwise they are intracellular, or better, intrasyncytial in both 
origin and position. 
The nerve fibers of the spinal cord do not occupy the whole of the 
Raridschleier. There is always le f t  a thin marginal veil about the 
periphery immediately underlying the pia mater. This zone o r  cortex 
of the cord, varies in thickness for  different animals. I n  this the neu- 
roglia fibers develop undispefsed by the nerve fibers and the result is 
a thicker feltwork of fibers, which in the elephant and human spinal 
100 The Neuroglia of the Spinal Cord of the Elephant 
cords, is capable of being seen with the unaided eye, showing as a thin 
blue margin when stained by the Benda method. It should here br 
inserted that in a series of preparations (to be mentioned below) of the 
spinal cords of developing pigs, neuroglia fibers do not begin to appear 
or do not stain by the Benda method, till after the myellation of the 
nerve fibers has begun. 
Like the other connective tissues of the body, it is probable that 
neuroglia fibers, after they are differentiated as such, may still have the 
power of further growth, thickening, and expansion. If so, a continu- 
ous conversion of endoplasm into exoplasm must not be necessary for 
the process. 
5 .  Further changes to be noted occur in the neuroglia nuclei alone. 
A classification of these is difficult and unnecessary for they merely 
present one series of transitions o r  phases of activity. All nuclei with 
endoplasm about them are of the large vesicular type. Many without 
endoplasm are of this type also. The remainder show different phases 
of shrinkage, increased density in staining and perhaps very gradual 
karyolysis (f, g, h, i, Fig. 4). 
I t  is 
capable of hypertrophy. The gliomatous tumors are considered to re- 
sult from this power. Exactly what type of the nuclei takes part in  the 
process is unknown. I n  sections of such tumors, the large vesicular 
type predominates greatly, and Brodmann describes “ cells ” possessing 
an unusually large amount of cytoplasm. Also, at  need, neuroglia may 
take part in  the formation of scar tissue. The connective tissues as a 
whole gradually increase normally with age after adult life is reached. 
“ A  man is as old as his arteries” or as the meninges of his central 
nervoiis system. If the above observations made from the spinal cord 
of a practically adult elephant have to do with phases in the formation 
of neuroglia fibers, it is probable that neuroglia also continues slowly 
to grow with the age of the animal. Observations made from adult 
material, however, are neither wholly adequate nor conclusive. 
To verify impressions obtained from the adult spinal cord as to the 
processes by which the neuroglia fibers are developed, the study must 
necessarily be transferred to the developing material. For this purpose 
a set of preparations is now nearly completed. The pig was chosen as 
the source of this material because of the greater ease with which a 
series of embryos of this animal may be obtained. The set of prepara- 
tions involves transverse sections from the cervical region of the spinal 
cords of a series of embryos and fatuses ranging from 5 mm. to 30 em. 
in length, and likewise from a suckling pig of two weeks and from the 
The neuroglia is capable of growth after adult life is attained. 
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adult. The series comprises sixteen stages in  the growth of the animal. 
Four separate methods are employed upon each. 1. Fixation in Zenk- 
er's fluid, thin paraffin sections stained with Ehrlich's hsematoxylin and 
congo red; 2. Zenker's fluid, paraffin sections, Mallory's stain for white 
fibrous connective tissue; " 3. k'ixation in 10% formalin, and prepared by 
the Benda neuroglia method as employed by I-Iuber (loc. cit.) and the 
same as used upon the elephant material; 4. Pieces were fixed in Van 
Gehuchten's (Carnoy's) fluid, subjected to continued extraction with 
ether in the Soxhlet apparatus, and digested by pancreatin according to 
the method devised by Flint.lS For stages occurring earlier than found 
in  embryos of 5 mm. the work of other investigators, chiefly that  of 
His, will be accepted and drawn upon. 
The study of this series of preparations is now underway and the 
results obtained will be given in  an  early paper together with certain 
observations which I now feel sure of being able to add and with illus- 
trations showing the principal phases in the development of the neu- 
roglia fibers. At  present it may be said that  the study of the develop- 
ing material has so far corroborated with considerable certainty the 
impressions obtained from the aduIt tissue as to the method by which 
the neuroglia fibers are formed. 
Neuroglia, the chief fibrous supporting tissue of the central nervous 
system, when compared with the other connective tissues of the body 
is more similar to white fibrous than to any other variety. The re- 
semblance, of course, is a morphological rather than a chemical one, 
and, from the nature of the case, is more apparent in the looser frame- 
works of organs than in the more compact arrangements of white 
fibrous tissue. That neuroglia fibers differ in their chemical properties 
from those of white fibrous tissue is the chief means by which the one 
is distinguished from the other. Like adult neuroglia, white fibrous 
tissue consists of fine fibrils in the meshes of which occur " cells " either 
in the form of free nuclei or  as nuclei with varying amounts of cyto- 
plasm about them. When this cytoplasm is sufficiently abundant it 
usually shows branches, giving the cells either a spindle-shaped or  
irregularly stellate form. Such cells appear to assume the general shape 
of the space they occupy, and the branches of neighboring cells usually 
anastomose through the channels uniting the contiguous cell spaces. 
The fibrils of white fibrous tissue are found, according to locality, either 
as anastomosing bundles or as finer feltworks, varying in  arrangement 
IaMallory. 
'5Flint. 
Journal of Experimental Medicine, Vol. V, 1901. 
Johns Hopkins Bulletin, Vol. YIII, Nos. 131-133, 1902. Also Am. Jour. 
of Anatomy, Vol. I, No. 3, 1902. 
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as is best suited for the elements of the organ they support. Neuroglia, 
unlike white fibrous tissue, is found in but one organ and its fibers are 
therefore found in but one general arrangement. ‘Its peculiarities in 
arrangement, then, may be largely imputed to peculiarity of purpose. 
Dunng the latter part of the preparation of this paper, Mall’s inter- 
esting and most necessary paper appeared ‘‘ On the Development of the 
Connective Tissue.” This paper deals with all the connective tissues 
except neuroglia. If, after studying the neuroglia in developing ma- 
terial, one reads Mall’s paper, especially the part dealing with the 
development of white fibrous tissue, it will be found that one can cull 
statements from it which, when arranged in sequence, will quite fully 
describe the phases in the development of the neuroglia fibers. For 
the study of developing white fibrous tissue Mall chose the subcutaneous 
tissue of the back of the embryo. I n  its final arrangement this, of 
course, differs from neuroglia. 
Mall does not mention changes in the connective tissue nuclei sinii- 
lar to those above described for neuroglia. His observations, however, 
were necessarily made upon embryos and fetuses alone. Concerning 
the later stages in these he states: “After the activity of the nuclei 
and endoplasm has produced enough exoplasm to give rise to all the  
white fibers of the skin, which is the case in embryos from 20 to 30 em. 
long, they cease to  be so prominent and sink back into the form of 
irregular cells.” All of the neuroglia nuclei of pigs of 21 cm. and 
below are of the large vesicular variety. I n  larger fetuses the other 
types begin to appear. A t  21 em. all the nuclei apparently possess more 
or less endoplasm, and nuclei with a large amount of endoplasm are 
much more common than in the adult. Between 16 and 21 em., the 
neuroglia fibers first begin to take the characteristic stain and it is dur- 
ing this period that the processes of myellation go on most rapidly, 
though there are signs of beginning myellation somewhat earlier. Pigs 
a t  term measure from 26 to 32 em. 
The dura and pia mater as stainable and indigestible membranes are 
evident long before the neuroglia fibers make their appearance. I n  
pigs of 4 em. they show the characteristic fibrillar structure and though 
thin they both stain by Mallory’s method and resist digestion. U p  to 21 
em. the whole spinal cord digests out  leaving only a thin cuff-the pia 
mater. At 28 em. the entire gray figure digests out clean, while in the 
white substance the digestion is less complete. The series of digested 
preparations is not yet finished. 
’6Mall.  Am. Jour. of Anatomy, Vol. I, No. 3, 1902. 
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With the exception of those accompanying the blood-vessels, the pia 
mater sends but few ingrowths into the white substance and these are 
very delicate. Many nuclei are present which, without doubt, enter 
the spinal cord from the outside, and are therefore mesodermal in or ig in 
but whether any of these take part in producing neuroglia is difficult 
to determine because a neuroglia cell may not be designated as such till 
is acquires certain characteristics. 
[NoTe.-In Dr. Hardesty’s original drawing for Fig. 1 the black neuroglia fibers of 
the marginal veil appear in a transparent, white area invaded by a few faint  strands 
from the pia. The half-tone reproduction here shown fails to give the desired con- 
trast, since the screen carries considerable color into the marginal veil, confusing 
this somewhat with the gray pia which lies immediately outside of the black felt- 
work of neuroglia fibers.-Eo.] 
